Only four star clusters are known within ∼100 pc of Earth. Of these, the χ 1 For cluster has barely been studied. We use the Gaia DR2 catalog and other published data to establish the cluster membership, structure, and age. The age of and distance to the cluster are ∼40 Myr and 104 pc, respectively. A remarkable, unprecedented, aspect of the cluster is the large percentage of M-type stars with warm excess infrared emission due to orbiting dust grains − these stars lie in an annulus that straddles the tidal radius of the cluster. The χ 1 For cluster appears to be closely related to two extensive, previously known, groups of co-moving, coeval stars (the Tucana-Horologium and Columba Associations) that are spread over much of the southern sky. While Tuc-Hor and Chi1 For are comoving and coeval, the difference in the frequency of their warm dusty debris disks at M-type stars could hardly be more dramatic.
INTRODUCTION
Star clusters have been recognized since antiquity − the Pleiades and the Hyades can be seen with the naked eye − and have been carefully studied by astronomers since the invention of the telescope. Both open and globular clusters have played an essential role in our understanding of stellar evolution. Measurements by the Gaia satellite of the European Space Agency have enabled major advances in recognition and characterization of Galactic star clusters (e.g., Cantat-Gaudin et al 2018; Lodieu et al 2019) . To date, Gaia findings have been reported mostly as general overviews of cluster existence and of some cluster properties rather than as detailed investigations of specific clusters. In the present paper, we use Gaia along with additional information to call attention to the significance of a nearby, but previously little studied open cluster initially named Alessi 13 (Dias et al 2002) .
G. Cutispoto and colleagues, in a series of papers in the decade of the 1990s, focused on stellar activity, including X-rays and lithium abundances, to identify some young stars near Earth. But kinematic moving groups were not clearly recognized and the papers were poorly cited. de la Reza et al (1989) and Gregorio-Hetem et al (1992) identified a few stars near the infrared bright star TW Hydra that are also bright in the infrared, i.e. are
Corresponding author: B. Zuckerman ben@astro.ucla.edu surrounded by dusty orbiting disks. The, arguably, first paper to provide some order to this new field involved this group of ∼10 Myr old stars − the TW Hydra Association − located about 60 pc from Earth (Kastner et al 1997) . Since then perhaps as many as 10 other associations of stars with ages 200 Myr or less and within ∼100 pc of Earth have been identified (e.g., Zuckerman & Song 2004; Torres et al 2008; Mamajek 2016; Gagne et al 2018) . Akin to star clusters, members of a given nearby, young stellar association or moving group have similar ages and space motions through the Milky Way (they are coeval and co-moving). But, unlike star clusters, when considered in their entirety, stars in the various nearby young associations are distributed over much of the sky. Study of these associations is enabling astronomers to better understand the evolution of stars as they age from 10 to 200 Myr. In addition, and perhaps most important, these youthful stars have provided numerous targets for direct infrared imaging discovery of extrasolar planets.
Following Dias et al (2002) , Yen et al (2018) used TGAS (Gaia DR1) to analyze 24 nearby open clusters including Alessi 13. Yen et al identified nine stars in TGAS as cluster members. Using Gaia DR2 CantatGaudin et al. (2018) analyzed 1229 open clusters and report 48 candidate members of Alessi 13 contained in a volume of radius 15 pc. In the present paper we use Gaia DR2 to greatly expand on the known population and properties of Alessi 13. In particular, by choosing a less restrictive range of cluster kinematic properties we have identified 108 candidate members within a similar volume of radius 15 pc. Our list includes 47 of the 48 stars listed in Cantat-Gaudin et al.
We demonstrate that the Alessi 13 cluster and two of the most prominent of the nearby youthful stellar associations − Tucana-Horologium and Columba − are coeval and co-moving with age ∼40 Myr. Taken together, they constitute a major constituent of the solar neighborhood. For reasons given in Section 4, henceforth we call Alessi 13 the χ 1 For cluster. χ 1 For is the second youngest of only four star clusters known within ∼100 pc of Earth (the other three are mentioned in Section 4).
A substantial fraction of stars of solar mass and above are known to be orbited by dusty debris disks, most of which are more akin to the Sun's Kuiper Belt than to its asteroid belt. However, very few low-mass stars are known that harbor debris disks − especially when considered as a tiny fraction of the population of the numerous known M-type stars. As we describe in Section 4, a (currently) unique aspect of the χ 1 For cluster is its abundance of M-type stars that are orbited by dust particles. Perhaps as noteworthy is the large percentage of these debris disks that contain warm dust with temperature characteristic of the asteroid belt or of the habitable zone, in contrast to the cold dust of the Kuiper Belt. This warm dust may be associated with copious rocky planet formation at a characteristic age of ∼40 Myr (Melis et al 2010) .
SAMPLE SELECTION
Our path to the Chi1 For cluster began with a study we are doing of stars in the Columbia Association as listed by Lee & Song (2019) . Our study includes investigation of binary members of this association and we were surprised to discover that one of the Lee-Song stars is apparently surrounded by numerous "companions". One thing led to another, including our discovery of the Dias et al (2002) , Yen et al (2018) and CantatGaudin et al. (2018) papers, as the existence of the cluster became apparent to us. We used these papers as initial guidelines to develop our own set of search constraints as described below.
Based on the clustering of massive stars, and the fact that previous papers had identified the cluster center in this vicinity, we took the average of the Gaia positions of χ 1 and χ 3 For as defining the center of the cluster at RA = 51.766 deg, Dec = -35.887 deg. We note that this is in good agreement with the Cantat-Gaudin et al (2018) average of 48 stars at 51.762, -35.821 (found by starting their search at the Dias et al 2002 listed center of 50.425, -35 .700, about 1.3 deg West of the new cluster center). In the current paper, from our broad search (described below) we find the average position of the cluster core stars to be 51.758, -35.922, close to the average position of the two A1 stars χ 1 and χ 3 For. We use the Gaia DR2 catalog (Gaia Collaboration 2018; Lindegren et al 2018) to identify members of the Tables 1 & 2 and of quality 1 (highest-confidence) Columba member stars given in Lee & Song (2019) . The ordinate is absolute Gaia G magnitude and the abscissa is Gaia G-GRP color; these are proxies for stellar luminosity and temperature, respectively (with luminosity increasing as absolute G decreases, and temperature increasing to the left). For comparison, field stars within 25 pc of Earth are also plotted. Tables 1 & 2) . Stars in the tables are deemed to be cluster members based on their proper motions, parallax, and location on a colormagnitude diagram (CMD, Figure 2 ). Based on the radial extent of cluster members identified by CantatGaudin et al, and our concern that extending our search too far from the cluster center would cause inclusion or confusion with Columba and Tuc-Hor stars, we searched for stars that have RA and Dec positions within a 15 pc (8.24 degree angular) radius of our adopted cluster center at the mean position of the stars χ 1 and χ 3 For. We selected stars which satisfied constraints in parallax and proper motion consistent with being a co-moving group in a volume of space of ∼15 pc radial extent. That is, for a 15 pc search radius in the RA-Dec plane of the sky, we included a range in parallax that corresponds to a ±15 pc line-of-sight distance range, centered on the mean distance of χ 1 and χ 3 For from the Sun (104 pc), and then we widened that range to allow for parallax uncertainties up to 0.4 mas.
Next we estimated the corresponding range in expected proper motion values such that it includes the apparent differences in proper motion due to projection effects at different distances from the Sun (Figure 3 ). Note that in the case of the χ 1 For cluster, this effect is mainly present in just the RA proper motion (pmra) direction which dominates the overall proper motion vector since the Dec proper motion (pmdec) values are close to zero. Not surprisingly, stars within the tidal radius (dark-blue/round points) define a compact central region in pmra-parallax space. Some of the light- PMRA (mas/yr) Parallax (mas) Table 3 Within Tidal Radius (Tables 1 & 2) Expected PMRA-Parallax relation Figure 3 . Gaia values for proper motion in right ascension (PMRA) and parallax for the χ 1 For cluster members and candidates. As expected for a cluster, due to projection effects based on distance from our Sun, stars with similar space velocities will display apparent proper motions that vary in proportion to their parallax (i.e. more distant stars will appear to have smaller motions). The gray/slanted line indicates this proportionality relation with respect to the average of the proper motions measured for the cluster center members, χ 1 For and χ 3 For. Error bars are directly from Gaia; some are smaller than the size of the data points.
blue/square points (from Table 3 ) that plot far from the gray/slanted line may be members of the Tuc-Hor or Columba associations and not of the cluster.
Thus, the search values for pmra were calculated as centered on the average of the pmra values of the core stars χ 1 and χ 3 For (36.5 mas/yr) and scaled to the limits of the parallax constraints, resulting in a +7.6/−6.0 mas/yr range. Again, we widened that range to allow for pmra uncertainties up to 1 mas/yr. Since pmdec is close to zero, parallax scaling results in too small of a search space, so instead we adopt a similar range as found for parallax scaling of pmra at ±7 mas/yr for pmdec, relative to the average of the pmdec values of the core stars χ 1 and χ 3 For (-4.2 mas/yr). With the above considerations we adopted the following Gaia search constraints: 8.0 mas < parallax < 11.6 mas 29 mas/yr < pmra < 45 mas/yr -11 mas/yr < pmdec < 3 mas/yr
In a few cases we had to modify values of some Gaia DR2 entries. For example, Gaia often has trouble accurately measuring parallax and/or proper motions of stars in (moderately) close binaries. If the binary members are of substantially unequal brightness then the errors listed in the catalog for these quantities for the companion are usually substantially larger than for the primary. Then, typically, we adopt the parameters of the primary for both stars. If the binary members are of more nearly equal brightness, then, for both stars, we adopt an error weighted average of the relevant parameters.
Also, there are occasional errors in Gaia DR2 for reasons that are not easy to discern. One representative example is the proper motion of the star CD-36 1289 which is an obvious member of the core of the χ 1 For cluster (see Table 1 ). The Gaia right ascension proper motion of CD-36 1289 is given as 25 mas/yr. If this were to be correct, then CD-36 1289 could not be a member of the cluster because it would have the wrong Galactic space motions UVW (see Section 4). However, if one uses instead the well-measured proper motion of 34.6 mas/yr from the UCAC4 catalog, then the UVW of CD-36 1289 agrees well with that of other cluster core members. The UCAC4 proper motion agrees well with the independent measurements from SPM4, UCAC5, and PPMXL, and is, thus, obviously correct. (All these catalog values can be found in Vizier.)
Our Gaia catalog search using the above parameters returns 142 sources, plus we add CD-36 1289, as explained above. Of that list of 143 stars (and with the corrections described two paragraphs above), we exclude 31 stars that have calculated 3-D radial distances >15 pc from the cluster center. By plotting the remaining sources on a CMD we identify four interlopers that lie below the cluster sequence and one white dwarf. The white dwarf has T ef f ≈ 10,200 K and log g ≈ 8.18 (Gentile Fusillo et al 2019) which corresponds to a cooling age of ∼750 Myr (Dufour et al 2017) , and therefore it cannot be a member of this ∼40 Myr old cluster (see second paragraph in Section 3). That leaves 107 Gaia sources, and with the recognition that the binary HD 21434 (Mason et al 2015) is unresolved by Gaia (see Table 1), we present 108 cluster members and candidates (Tables 1−3) in a spherical volume of radius 15 pc. The ranges in Gaia parameters for this resulting set are: 8.6 mas < parallax < 10.8 mas 29.3 mas/yr < pmra < 43.2 mas/yr -9.7 mas/yr < pmdec < 0.9 mas/yr Repeating the original search over a smaller region of RA-Dec angular distance = 4.4 degrees (8 pc), yields about 3/4 of the sources of the 15 pc search. In this inner 8 pc search region relaxing the parallax or proper motion constraint boundaries adds very few (less than a handful) additional stars, and a similar exercise within the even more compact region of the tidal radius (4 pc, see Section 4) finds just one or two additional foreground sources. This suggests a significant overabundance of stars within the range of the adopted constraints, as expected for a true cluster.
Outside the 8 pc region, relaxing the search constraint boundaries can pick up a considerable number of additional stars (especially with a widened parallax range). However, only a handful would actually make it to the χ 1 For cluster candidate list, since the vast majority of those extra stars do not pass our criteria of, (1) having 3-D radial distance <15 pc from the cluster center, and (2) needing to be aligned with the cluster sequence on the CMD. Thus we consider our chosen Gaia search range to be an appropriate set of limits for finding bona-fide χ 1 For members and candidates.
RESULTS
Stars considered as potential members of the χ 1 For cluster appear in Tables 1-3 and in Figures 1-4. For stars with SIMBAD resolvable names, the listed spectral types are usually from SIMBAD, but there are a few exceptions. For example, SIMBAD does not give a spectral type for χ 3 ForB. For the other late-F and G-type stars (other than the close binary HD 21955) we checked the SIMBAD spectral types vs M G , B-V from Tycho, and V-Ks. We then estimated photometric spectral types with the aid of colors given at the http: URL given in footnote "c" of Table 1 . Then, for CD-36 1309, CD-37 1263, and CD-37 1224 we adopted the SIMBAD spectral type. But for CD-36 1289 we adopt G4 (rather than F8) and for HD 24121 we adopt G3 (rather than F8/G0).
The listed spectral types of M-and K-type stars were deduced by comparison with stars in the ∼40 Myr old Tuc-Hor (Kraus et al 2014) Association. Specifically, we constructed Table 4 from stars in Table 2 of Kraus et al (2014) and used a combination of M G , M Ks , G-Ks, and Ks-W2 to estimate the M-star spectral types listed in Tables 1-3 . But for stars with excess infrared emission, Ks-W2 was not used. Thus the "spectral types" given in Tables 1-3 for K-and M-type stars are based on photometry, not spectroscopy, and are probably good to about 1/2 a subclass. Figure 2 includes field stars within 25 pc of Earth; at a given color these stars plot below the χ 1 For cluster stars and Columba Association stars. Stars in χ 1 For and in Columba are thus younger than the field stars. Figure 2 shows that the stars plotted in Figures 1 and 2 have ages that are similar to Columba stars, that is ∼40 Myr (Mamajek 2016; Lee & Song 2019) . Stars that lie just above (within 0.75 mag of) the main locus are most likely binaries unresolved by Gaia; taken together out to the tidal radius (see Section 4) the companion stars likely add about one solar mass of material to the b Spectral types given in Tables 1-3 are usually from SIMBAD when available (see Section 3), otherwise from photometric colors as, for example, those given in Table 4 . c Stellar masses are an average of those given in (Mason et al 2015) . Its Gaia DR2 parallax value of 9.08±0.17 mas is very likely corrupted by the binarity (note the relatively large quoted error for such a bright star). We assume a parallax for the binary equal to the mean parallax of the other core members, i.e. 9.59±0.04 mas. Then the Gabs of each component of the HD 21434 binary is 2.89 mag.
cluster. Although not shown here, stars in Tuc-Hor (Lee & Song 2019 , Kraus et al 2014 would also plot along the same locus. An age for the χ 1 For cluster between 500 and 600 Myr is given in papers by Pöhnl & Paunzen (2010) , (Kharchenko et al 2016; and Yen et al 2018) , but Figure 2 demonstrates that the cluster is of order 10 times younger. We note that Mamajek (2016) suggested a cluster age of ∼30 Myr based on a few previously identified cluster stars with saturated X-ray emission; the number of stars in that sample was much less than the number of cluster candidates we consider here that were detected in X-rays (see last paragraph of Section 3)
Radial velocities are available for only a few stars in Tables 1-3 ; see Note "a" in Table 1 and the comments  column in Tables 2 & 3 . Section 4 below includes a discussion of the cluster membership likelihood of each star with a currently known radial velocity. Lacking a known radial velocity, likely members are chosen based on parallax, proper motion, and location on a Gaia colormagnitude diagram (Figure 2 ). For potential members with known radial velocities, UVW can be calculated and compared with the space motions of members of the Columba and Tuc-Hor associations; the agreement is usually excellent (see Section 4). (Tables 1−3 ) and for stars in the two Associations, Tuc-Hor and Columba. Data are from Lee & Song (2019) and the Gaia DR2 catalog. As expected for co-moving stars, the sky-plane motions of all three groups converge on a common sky position (near 6h45m, -30d).
Table 3 presents stars that lie outside of the tidal radius (see Section 4) of the χ 1 For cluster. Each of these stars could be an escaped member of the cluster or a Tables 1 and 2 together list the likely members of the χ 1 For cluster contained within its tidal radius (∼3.5 pc, see Section 4). ChiFor28 is included in this table because, within the uncertainties, it might be within the tidal radius. See Section 3 for a discussion of the excess infrared emission of ChiFor16B. For CD-37 1263, RV is its radial velocity in km s −1 .
member of either the Columba or Tuc-Hor Associations (Lee & Song 2019) . Based on the relative frequency of dusty debris disks at χ 1 For cluster stars relative to members of Tuc-Hor (see discussion in Section 4), many Table 3 stars beyond 8 pc from the cluster center probably are associated with Columba or Tuc-Hor rather than with χ 1 For. As has been realized for a decade (Torres et al 2008) , Columba stars are similar to stars in Tuc-Hor (Zuckerman et al 2001) , both in age and space motions through the Milky Way. However, published studies of these associations (Lee & Song 2019; Kraus et al 2014) are based on catalogs and spectral measurements that are largely insensitive to stars as far away as the χ 1 For cluster. Clarification of whether or not Columba and Tuc-Hor members are to be found 100 pc from Earth, and even beyond, remains as a task for the future. Together, the Columba and Tuc-Hor Associations and the χ 1 For cluster constitute a co-moving and coeval stellar cohort that spans about half of the southern sky between right ascensions 20h and 8h and south of declinations -15 deg (Figure 4 ). Figure 5 presents the spectral energy distributions (SEDs) of the 13 stars listed in Tables 1-3 for which we find evidence in the WISE catalog (Wright et al 2010) of infrared emission in excess of that from the stellar photosphere, overlaid with models consisting of photosphere plus a one-or two-component blackbody. The spectral type of a given star was used to select appropriate photospheric reference stars, where these reference stars were drawn from Table 3 in Pecaut & Mamajek (2013) , as well as from our list of χ 1 For cluster candidates showing no evidence of IR excess. All of the reference stars have colors (from Gaia-G through WISE-4 bands) that agree, within ∼0.1 mag, with the spectral type-dependent colors listed in Table 5 of Pecaut & Mamajek. For the A4, F3, F2 stars (HD 21341, HD 20707, and HD 23380 respectively), the stellar photospheres are represented by model atmospheres with effective temperatures appropriate for these spectral types. To establish the IR excess for each star, the reference star (or model atmosphere) SEDs have been rescaled to match a star's photospheric emission at H or K band. For each star we obtained, by eye, a suitable match of oneor two-component blackbody emission (plus underlying photosphere) to the star's W1 through W4 fluxes. The resulting blackbody "fits" to the long-wavelength portions of the SEDs in Figure 5 should not be regarded as unique; rather, they provide estimates of the fractional infrared luminosities of these stars, as well as rough approximations of the circumstellar dust temperatures.
For most stars, the one-or two-component blackbody models provide good matches to the observed SEDs. For a few M-type stars, the match to reference star photospheric (especially G and G RP band) fluxes is not optimal. Some of these stars may be affected by reddening due to interstellar or circumstellar dust. In these cases we opted for the coolest reference star that matched the near-IR fluxes, to obtain the most conservative estimates of IR excess.
Two stars deserve special mention. The SED of the star ChiFor16B listed in Table 2 and shown in Figure 5 indicates excess emission in only the WISE W4 band. But, if the Gaia, 2MASS and WISE magnitudes are taken at face value, then an SED plot would indicate excess emission in all four WISE bands. ChiFor16A and B appear as separate stars in the Gaia and 2MASS catalogs and should also appear in WISE as two separate stars. But only one star appears. Evidently the separation of the two stars (∼7") is such that there was confusion in separately assigning WISE Point Source Catalog fluxes to the components of the ChiFor16AB binary system. Therefore, to prepare the SED of ChiFor16B in the panel shown in Figure 5 , we have added 0.75 magnitudes to the magnitudes listed at all four WISE bands.
The Table 3 star J0338-3334 has apparent excess emission in the W3 and W4 bands. But there is a "dwarf galaxy" 8" away from the star. It is thus not possible, based on exisiting information, to decide if the apparent excess is from dust associated with the star or from contamination by the background galaxy, or both. Table 5 lists all UV photometry (from GALEX; Bianchi et al. 2017 ) and X-ray data (from the ROSAT All-Sky Survey and XMM-Newton Serendipitous Source Catalog [SSC] ) available in the NASA/HEASARC archives 1 for the cluster candidate members listed in Tables 1−3. Search radii of 3", 30", and 5" were used to identify GALEX, ROSAT, and XMM counterparts to cluster candidates. For ROSAT sources, the X-ray fluxes were obtained by applying a standard (count rate to flux) conversion factor (e.g., Kastner et al 2017) ; for XMM sources, the fluxes are those listed in the SSC. Bolometric fluxes used to estimate log(L x /L bol ) were obtained from a star's G magnitude and spectral-typedependent bolometric correction (Pecaut & Mamajek 2013) . The resulting NUV-G colors and log(L x /L bol ) values for the stars listed in Table 5 are within the ranges expected for stars of age <100 Myr (i.e., roughly -8 to -5 and -3.5 to -3.0, respectively; e.g., Kastner et al 2017) . The lack of UV or X-ray counterparts to ∼2/3 1 https://heasarc.gsfc.nasa.gov/cgi-bin/W3Browse/w3browse. pl of the stars in Tables 1 and 2 is readily explained as due to the limited sensitivities of the ROSAT and GALEX all-sky surveys and the limited sky coverage of pointed XMM-Newton observations.
DISCUSSION
At the outset, the primary goal of the present paper was to clarify the membership, structure and age of the χ 1 For cluster. But, as is often the case in astronomy, arguably the most interesting finding of this research is a serendipitous discovery − a remarkable concentration of M-type stars that possess excess mid-infrared emission (for details see later in this Section). To the best of our knowledge, such a concentration is unprecedented in astronomy.
Following the procedure laid out in King (1962) we characterize the χ 1 For cluster by a core radius and a limiting tidal radius even though neither of these concepts is quite appropriate for this cluster. King's core radius is calculated from a polynomial fit to stellar number counts vs. radial offset from the center of a richly populated (globular) cluster. Because the χ 1 For cluster is far too sparse to apply this method, we simply denote the region in Figure 1 with largest stellar density, and Figure 5 . χ 1 For cluster stars for which we find evidence of excess infrared emission above the stellar photosphere. Blue, green, and red symbols indicate Gaia (G and GRP band), 2MASS (J, H, K band) fluxes, and WISE (W1, W2, W3, W4 band) fluxes, respectively. Error bars on fluxes are smaller than the symbol sizes in almost all cases. The measured SEDs for the M-type stars are overlaid with a model consisting of stellar photosphere plus a one-or two-component blackbody, where these blackbodies represent the excess emission due to circumstellar dust. The models overlaid on the SEDs of the A-and F-type stars (HD 21341, HD 23380, and HD 20707) consist of stellar model atmospheres obtained from the Bosz library maintained by STScI (see https://archive.stsci.edu/prepds/bosz/) and blackbodies. The resulting estimates of the fractional IR luminosities and inferred blackbody temperatures are indicated for each star. The SED of J0325-3445B (= ChiFor16B) has been modified in a way discussed in Section 3 of the text. Table 2 of Kraus et al (2014) except M5.5 (two stars). P&M refers to colors given in Pecaut & Mamajek (2013) . size of order a parsec, to be the core (Table 1 ). This radius (1 pc) encompasses more than 1/2 of the mass of the cluster within the tidal radius. This core region is far more densely packed, especially with stars of type A, F and G, than is the rest of the cluster (see discussion below). King argues that outer boundaries of old clusters are typically delineated by Galactic tides. But he recognized that the timescales for such tides to operate can be quite long, so King's analysis does not include young open clusters (such as χ 1 For). Nonetheless, we calculate the tidal radius of the χ 1 For cluster and consider all stars that have appropriate kinematic and photometric characteristics and that fall within this radius to be likely members of the cluster. The tidal radius is equal to R(M c /3M g ) 1/3 (King 1962) , where R, the distance between Earth and the Galactic Center, is equal to ∼8200 pc (Gravity Collaboration 2019), and M c and M g are, respectively, the total mass (∼23 M ) listed in Tables 1  and 2 , and the mass of the Galaxy interior to the Sun. For a solar circular rotation velocity of 240 km s −1 , M g ∼10 11 M . Then the tidal radius is ∼3.5 pc, the corresponding volume is ∼180 pc 3 , and mass density is ∼0.1 M pc −3 . This is comparable to the local disk density (Mamajek 2016) . Figure 2 is a Gaia-based color-magnitude diagram that includes likely χ 1 For cluster members out to the tidal radius. For an age of 40 Myr, the dividing line between stars and brown dwarfs lies near absolute G magnitude = 12.4 (Baraffe et al. 2015) . Objects in Figure 2 and Tables 2 & 3 near M G = 14 are brown dwarfs, while various other cluster members lie near the dividing line between stars and brown dwarfs. Figure 6 is a histogram of the number of cluster objects listed in Tables 1-3 as a function of spectral type. It is apparent that the χ 1 For cluster is dominated by mid-M type stars, as is typical of stars of various ages in the solar vicinity. One may compare Figure 6 with the histograms for Tuc-Hor and Columba presented in Figure 9 of Lee & Song (2019) . These histograms were constructed from studies before publication of the Gaia DR2 catalog and, thus, should be relatively lacking in midto-late M-star members. We can anticipate, after the Gaia catalog has been exploited, that the Tuc-Hor and Columba histograms will look more like the one shown in Figure 6 .
The mass segregation that is characteristic of clusters − more massive stars preferentially near cluster center − is apparent in Tables 1 & 2 . Of the 10 stars in the core of the χ 1 For cluster (Table 1) , seven are of spectral types AFG, while of the 24 stars between the core and tidal radii (Table 2) , only two are of types AFG. Number of Stars Table 3 Within Tidal Radius (Tables 1 & 2) Spectral Type Dusty M-type stars are stunningly abundant in an annulus that surrounds the core of the χ 1 For cluster (see Figure 7) . From Tables 1 & 2, one counts 23 M-type stars within the tidal radius of the cluster. Of these, 5 (or 22%) display infrared excess emission in the WISE catalog ( Figure 5 ). Alternatively, Tables 2 & 3 contain a total of 37 M-type stars in a 3-dimentional annulus with inner and outer radii of 2 and 7 pc, respectively, centered on the mean position of the stars χ 1 For and χ
3
For. Of these 37 stars, 10 (27%) have excess IR emission. And of the 10, most appear to include emission from dust with temperature of at least a few 100 deg K. These percentages are far higher than those obtained in all of the numerous searches that have been carried out for dust at M-type stars of age 40 Myr or greater (see, e.g. Kraus et al 2014; Binks & Jeffries 2017; Flaherty et al 2019 and references therein) . In contrast to the 27% of dusty M-type stars between 2 and 7 pc from cluster center, between 7 and 15 pc there are 39 M-type stars of which none are dusty. Cast another way, between 0 and 7 pc there are 10 dusty M-type stars, while in a volume that is 9 times larger between 7 and 15 pc there are none.
M-type stars in the coeval Tuc-Hor Association lack warm dusty debris disks. In a sample of ∼100 stars with spectral types between M0 and M6, Kraus et al (2014) found none that have excess emission in the WISE3 (11 µm band) − this to be compared with the 10 in the annulus of dusty stars that surrounds χ 1 For & χ 3 For. In Tables 2 & 3 , the occurrence of IR excesses at five stars that are members of wide binary systems (out of a total of 13 dusty stars) is consistent with the conclusion in Zuckerman (2015) and Silverberg et al (2018) that warm orbiting dust is more likely to be found at a young star that is a member of a wide binary system than at a single star. In addition to these wide binaries, one or both members of the relatively close (60 AU) 0.6" binary J0322-3547 is also dusty. A plausible cause of the overabundance of dusty debris around members of binary stars is the eccentric Kozai-Lidov effect (Naoz 2016) . Given an appropriate system age, the K-L effect can generate dynamical instabilities in planetary systems where the orbital plane of the system possesses a substantial inclination with respect to the orbital plane of a distant companion star.
The association of the χ 1 For cluster with the Columba and Tuc-Hor Associations is based on similar UVW and similar locations on color-magnitude diagrams. Calculation of UVW requires knowledge of parallax, proper motion, and radial velocity. All stars in Tables 1-3 have parallax and proper motion consistent with cluster membership. Of the core stars in Table 1 only four (χ 1 For itself, χ 3 For, CD-36 1289, and ChiFor4) have measured radial velocities that we were able to find in the literature. We used these four stars to calculate the UVW given in the Notes for Table 1 . These UVW (-12.3, -21.5 , -4.6 km s −1 ) may be compared with the UVW of Columba (-12.2, -21.3, -5.6 km s −1 ) and Tuc-Hor (-10.6, -21.0, -2.1 km s −1 ) given in Mamajek (2016) . The UVW of the massive B6 star i Eri (HD 24626) that is located outside of the tidal radius (see Figure 1 and below) is -13.3, -21.5, -5.1 km s −1 . The stars in Tables 2 & 3 with listed radial velocities can be divided into three groups. The first is stars with UVW clearly consistent with the UVW of the χ 1 For cluster given in the previous paragraph. A second group consists of stars for which the listed radial velocities, if correct, would likely mean that the star does not have the UVW of the cluster and thus is not a member. However, given the (large) size of the error bar of its radial velocity, the star could have the same UVW as the cluster. The third group is composed of stars that are not cluster members if the size of the radial velocity error bar is accurate. Among the stars in Tables 2 &  3, only HD 20854 and J0336-4231 , and perhaps J0331-3358, are included in the third group.
Three well-studied clusters are located within ∼100 pc of Earth, two of which (the Hyades and Coma Berenices) are hundreds of millions of years old, while the age of the third (η Cha) is ∼10 Myr (Mamajek 2016) . Thus, at ∼40 Myr, the χ 1 For cluster is well positioned among the other nearby clusters for tracing the evolution of stars and substellar objects. The mass densities of the older clusters fall in the range 0.3-3.0 M pc −3 , while the η Cha core (containing 18 stars) is substantially denser at ∼30 M pc −3 (Mamajek 2016) . As may be seen from Table 1 , the core of the χ 1 For cluster contains 10 stars (HD 21434 is an 0.2" binary) within a sphere of radius 1 pc at an average distance from Earth of 104 pc. The mass density of the cluster core is about 3.0 M pc −3 . This can be compared with the local disk density of ∼0.1 M pc −3 (Mamajek 2016) . When, instead, the volume of the χ 1 For cluster out to its tidal radius of about 4 pc is considered, then the cluster mass density is only ∼0.1 M pc −3 , i.e. comparable to the local disk density. The two brightest and most massive core stars (χ 1 For and χ 3 For) would be just barely visible to a person with excellent eyesight in a dark sky site. A co-moving, brighter, more massive, star i Eri is found outside of the cluster tidal radius (Figure 1) . We have scrutinized the Gaia DR2 catalog for co-moving stars located near to i Eri. Only two are present; these may be distant bound companions of i Eri (see notes to Table 3 ). This relatively massive, obviously co-moving, star has not been identified previously as a member of either the Columba or Tuc-Hor Associations; only one star (α Pav) more massive than i Eri has ever been suggested (Zuckerman & Song 2004; Torres et al 2008) to be a member of these Associations.
All young nearby stellar associations have been named after a constellation or an important stellar member of an association (Torres et al 2008; Mamajek 2016) , or, in the case of naked eye star clusters, after Greek mythology. Given this precedent and the fact that there is only modest overlap between the few stars attributed to Alessi 13 (named after a person) in Dias et al (2002) and the stars listed in the tables in the present paper, we believe that χ 1 For is a much more descriptive and appropriate name for this cluster. We hope the name χ 1 For will be adopted in future work.
CONCLUSIONS
We have investigated the sparse, nearby, southern hemisphere open cluster χ 1 For. At a distance of ∼104 pc this cluster is sufficiently youthful and close to Earth that its entire main sequence and even the upper mass end of its brown dwarf sequence are accessible in the Gaia DR2 survey. By comparison (in a Gaia-based color magnitude diagram; Fig. 2 ) with the co-moving and coeval Columba and Tucana-Horologium Associations, the age of the χ 1 For cluster is seen to be ∼40 Myr. The most massive stars within the core of the cluster are the A1-type stars χ 1 For and χ 3 For. Perhaps surprisingly, a more massive star − i Eri, spectral type B6 − that may be associated with this cluster, is located outside of the cluster tidal radius.
But perhaps the most notable finding of our study of the χ 1 For cluster − when compared to all previous studies of stars of age 40 Myr and greater and located anywhere in the solar vicinity − is an unprecedented abundance of M-type stars that possess excess mid-infrared emission above that due to the stellar photosphere. Based on their investigation of strong mid-IR emission, Melis et al (2010) deduced a characteristic age of 30-100 Myr for the epoch of final catastrophic mass accretion onto terrestrial planets around Sun-like stars. The 40 Myr age of the χ 1 For cluster and spectral energy distributions of many of its M-type members now suggest a similar rocky planet formation time scale around (the less massive) M-type stars. Consistent with past findings for dusty, field, M-type stars (Zuckerman 2015) , wide binary systems are overrepresented in the entire χ 1 For cluster infrared excess sample. This involvement of a second massive body suggests a possible role to be played by the eccentric Kozai-Lidov effect (e.g., Naoz 2016), in dynamically stirring up planetesimal belts. The location of IR excess stars within a well-defined annular region around the cluster core also hints at the influence of stellar neighbors on the stability of planetary systems.
Based on its location in the plane of the sky, its age, and its Galactic space motions UVW, the χ 1 For cluster is plausibly intimately associated with one or both of the Columba and Tucana-Horologium Associations. But all existing studies of these two spatially dispersed moving groups are limited to stars with typical distances from Earth of well less than 100 pc. Future Gaia-based studies should reveal whether or not these two associations physically surround the χ 1 For cluster.
